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ABSTRACT 
Three Gruman Aerospace Corporation (GAC) configurations of the Reusable 
Orbital Spaceplane (ROS) were tested in the GAC Low Speed Wind Tunnel during March 
and April, 1971. The tests were made with 1/25 scale models to obtain basic subsonic 
aerodynamic data. The models were pitched over selected angle of attack rankes at 
fixed sideslip angles of 00 and-3° and yawed from -150 to +150 at fixed angles of attack 
of 00 and 200. The nominat test conditions were: Mach number, 0. 17; Reynolds number, 
1.6 x 106 per foot; dynamic pressure, 40 psf. 
Most of the testing was done using the basic body-wing-vertical tail arrahgement 
of configuration ROS-NB1. 'This configuration, with various elevon, aileron and rudder 
deflections, was tested with and without a ground board. Other test parameters included 
a split rudder, a body flap; turbojet engine pods and aft end body modifications, in 
addition, tests were performed on configurations ROS-NB2 and ROS-WB1; a short nose 
and wide body configuration respectively. 
Several runs were also nade to test the model In ground effect. The surface of 
the ground board was located 15 inches below the trunnion. This location of the ground 
board provided a vaiue for the wing height parameter, h/b = 0. 295, where h is the height 
of the 0. 25 MAC above the ground board and b is'the wing span. 
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SUMMARY 
This report presents the results of a second series of aerodynamic tests con­
ducted on 1/25 scale models of three GAC Reusable Orbital Spaceplanes (ROS). This 
test, designated GWTT 290 was performed at the GAC Low Speed Wind Tunnel during 
the period 29 March - 13 April, 1971. The first series of tests have been reported 
in SADSAC reports DMS-DR-1081. The results presented herein supplement and 
extend the Series I test results. 
The objectives of this test were to obtain low speed aerodynamic data on: 
1) configuration ROS-NB1 with and without ground proximity for various 
conditions- of pitch, yaw; elevon deflection and rudder deflection. 
2) a modificdtion of configuration ROS-NB1 at various angles of sideslip for 
= 1 degrees. 
3) the effects of nose length,. body flap deflection and engine pods. 
4) configuration ROS-WB1, with and without twin tail fins, at various 
angles-of sideslip for a =210. 
Additionally,. the effects of elevons and aft body modifications on base pressure were 
determined. Tufts were utilized on several test runs to ascertain the flow patterns 
over the model. It should be noted that the data in data sets RCW079 and RCW080 
were recorded while the model had thread tufts attached. 
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TABLE I. SADSAC NUAENCLATURE OF AERODYNAMIC COEiFICIE1TS 
SADSAC NOMENCLATURE
 
COEFFICIENT 
CA 
CAB 
CAF 
CD 
CDB 
CDF 
CL 
CN 
Cy 
C1 
Cm 
Cn 
L/D 
L/D 
N/A 
N/A 
COEFFICIENT NAME 
Total Axial Force -
Base Axial Force 
Forebody Axial Force 
Total Drag Force 
Base Drag Force 
Forebody Drag Force 
'IftForce 

Normal-Force 
Side Force 
Rolling Moment 
Pitching Moment 
Yawing Moment 
Lift-To-Drag Force Ratio 
Lift-To-Forebody Drag Force Ratio 
Normal-To-Axial Force Ratio 
Normal-To-Forebody Axial Force Ratio 
BODY AXIS 
CAB 
CAF 
CN 
CY 
CBL 
CLM 
-CLNCYN 
N/A 
CN/CAF 
STABILITY AXIS 
CD 
CDB 
CDF 

CL 

CY 

CSL 

CLM 

L/D 
L/DF 
,WIND AXIS> 
CDTOTL 
CDBASE 
CDFORE 
CL 
CC 
CWL 
CPM 
CLN. 
CL/CD 
CL/CDF 
CONFIGURATIONS INVESTIGATED 
Individual components tested in various combinations-were: 
B1 - basic ROS-NB1 fuselage 
BIB 
- basic ROS-NB1 fuselage with aft end modifications (see Figure 13) 
BIC 
B2 - basic ROS-WB1 fuselage 
B3 - ROS-NB2 fuselage derived from mating short nose to the B1 body 
at Fus. Sta. 1216. 
E1 
- j 
- turbojet engine nacelles (see Figure 11) 
E2 - twiniturbojet engine nacelles (see Figure 12) 
W1 - basic wing (see Figure 9) 
W2 - basic wing, W1 , with clipped tips (see Figure 9) 
V1 - basic ROS-NB1, centerline vertical tail 
V2 - basic ROS-WB1 twin body tails 
V3 - wing,tip fins 
V313 - modified wing tip fins (see Figure 10) 
F1 - body flap 
GB - ground board 
Pertinent dimensional information for each of the above componentiis given in the 
Model Component Description Sheets which are located after the figures. The Data 
Set Collation Sheets, which follow immediately, give a complete test summary of 
configurations investigated. 
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TEST FACILITY DESCRIPTION
 
Description: This is a continuous flow, open circuit, closed throat tunnel.
 
The test section is 7 feet by 10 feet by 20 feet. 
A 12-foot diameter pro­
peller is driven at speeds up to 1200 rpm by a 1750 HP induction electric
 
motor. 
PERFORMANCE PARAMETERS: 
Speed Range (mph): 134 maximum 
Reynolds Number (x 106/ft): 1.7 maximum 
Operating P2essure: Atmospheric 
Dynamic Pressure (psf): .46 maximum 
Stagnation Temperature:- Ambient 
Power (HP): 1750 
TESTING CAPABILITIES: 
The GAC Low Speed Wind Tunnel is equipped for aerodynamic force and 
pressure testing on 3-dimensional, 2-dimensionsl, and reflection 
-plane models.
 
Capability also exists for conducting powered model, flutter, jet flap, flow
 
visualization, and wake survey tests.
 
A variable frequency power unit having a -rangefrom 0 to 660 HZ, and
 
a maximum output of 100 KW is available for the 3 phase induction motors used
 
in powered models.
 
Available model supports include: two and three point supports, a sin­
gle mount with fixed ,linkages for setting model pitch 'ttitude, wire supports,
 
bnd a pedestal mount 'for half model tests. 
 Special installations 'can be pro­
yided to sting support models. Image systems are available for evaluating
 
model support tare end interference effects.
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TEST FACILITY DESCRIPTION(aS) 
The tunnel primary balance is a six-component mechanical external
 
yoke type. The balance incorporates a pitch arm with*450 pitch capability
 
and a yaw table which can provide k450 of yaw. Capability also exists for
 
conducting tests with internal strain gage balance installations.
 
Removable wall inserts are available for 2-dimensional tests and a
 
stationary ground plane is available for investigating ground effects.
 
An IHm 1800 computer system serves as the facilities data acquisition
 
and reduction center. It is dedicated to the facility and provides on-line
 
data reduction capability. On-site plotting is also available on a Calcomp
 
drum-type plotter.
 
The facility can provide photographic, closed-circuit and play-back
 
television documentation. Manometers and scanivalves are available for prL&
 
sure recording.
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TEST 
TEST 
CONDITIONS 
GWTT 290 
MACH NUMBER 
REYNOLDS NUMBER 
per unit length 
DYNAMIC PRESSURE 
(pounds/sq. inch) 
STAGNATION TEMPERATURE 
(degrees Fahrenheit) 
.17 I.6 x 106 .278 80 degrees 
LOW SPEED WIND TUIQNELBALANCE UTILIZED: YOKE-TYPE 
COEFFICIENT
 
CAPACITY: ACCURACY: TOLERANCE: 
NF + 4,000 lb.to -2,000 lb .002
. -b 

SF ± 500 lbs. . .001
 
AF ± 500 lbs, iO
 
PM t 1.200 ft~lbs. ". 005
 
YN ... ft'u -l2
2aSt~s.- 1 -+ 

RM - 1,200 ft.lbs. I. ft. lb. .0
 
COMMENTS-:
 
Trinsition was fixed with strips of pinked electricians tape, 1. 5 inches streamwise aft 
of the fuselage nose and 0. 75 inches aft of the leading edge of the wing and tail surfaces. 
(see Figures 2, 3 aid 4.) 
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DATA REDUCTION AND CORRECTIONS 
Force Data - The force data mere redhced with respect to a nominal C.G. 
The location of the nominal C.G., the trunnion center, and the reference 
dimensions used to reduce the force data are listed in Table I.
 
Table II.- Location of Nominal C.G., Trunnion Center and 
Reference Dimensions Used to Reduce the Force Data.
 
FULL SCALE VALUE 1/25 SCALE VALUE 
FS 1485 in. 59.40 in.
 
NOMINAL C.G. WL 377 in. 
 15.08 in.
 
BL 0 
FS 1314 in. 52.56 in. 
TRUNNION WL 333.2 in. 13.328 in. 
CENTER B 
BL 0 0 
SREF 5,747 ft.2 9.1952 ft. 2 
16o.8 ft. 6.432 ft. 
bREF 97.3 ft. 3.892 ft. 
Corrections were applied to the data to compensate for effects due to
 
tunnel flow misalignment and model support interference. These corrections
 
were taken from the Series I tests (GWTT 289). They were obtained by taking
 
force data under various conditions: (a) with body alone and with body-wing
 
arrangements of the model, 
(b) with the model upright and with the model
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DATA REDUCTION AND CORRECTIONS
 
(coNTINUED) 
inverted, 
(c) with an image of the model support system and without, and
 
(d) at various angles of pitch (with 6 = 0) and at various angles of yaw 
(with a = 0). 
The angle of attack was computed with an equation that included cor­
rections for tunnel wall interference and flow misalignment. The tunnel wall 
interference correction was estimated to be 1.203 CL, and the flow misalign­
ment correction was determined (from GWTT 289) to be 0.35 deg. Hence, the 
angle of attack was computed as 
a = N + 1.203 CL + 0.35 deg. 
where QN denotes the nominal angle of pitch. 
The angle of sideslip was taken to be minus the nominal angle of yaw,
 
where Ti denotes the nominal angle of yaw. 
Tare, support system interference, tunnel wall and model blockage cor­
rections were applied 'to the longitudinal components of the force data 
(CD,D, C,s). Only model blockage corrections were applied to the lateral 
components of the force data (Cps, Cn, Cy). The tunnel wall corrections 
applied to the data were.-' 
&ACD 0.'018 L2 and 
A %, = o.OO tCL 
14 
DATA REDUCTION AND CORRECTIONS
 
(CONTINUED) 
The model blockage correction was made by computing a corrected free­
stream dynamic pressure from one of the equations
 
= l.018 9,qN, if ground board was out, or 
q. 1.1448 qN,' if ground board was in. 
All force data were tabulated in standard NASA coefficient form in the 
stability axis systems. 
Transition was fixed with strips of pinked electricians tca . 5 inches 
streamwise aft of the fuselage nose and 0.75 inches aft of the leading edges 
of the wing and tail surfaces. 
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SUMMARY DATA PLOT INDEX
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SU .ARY 
PLOTTED 
COEFFICIEMS 
PLOT. TITLE. -. SCHEDUJLE' 
Figure 1 	 Yaw Polar in Ground A 
Effect
 
Figure 2 	 Elevator Effectiveness B 
in Ground Effect 
Figure 3 	 Aileron Effectiveness A 
in Ground Effect -
ELEVTR=0. Deg. 
Figure 4 	 Aileron Effectiveness A 
in Ground Effect -
ELEVT=-5. Deg. 
Figure 5 	Aileron Effectiveness A 

in Ground Effect -
ELEVT=-l0. Deg. 
Figure 6 	 Rudder Effectiveness A 
in Pitch in Ground 
Effect
 
Figure 7 	 Rudder Effectiveness C 
in Yaw in Ground 
Effect, ALPHA=O. Deg. 
Figure 8 	 Aileron Effectiveness C 
in Yaw in Ground Effect, 
ALPHA=0. Deg., ELEVTR=O. 
Deg. 
Figure 9 	 Aileron E.ffectiveness C 
in Yaw in Ground Effect, 
ALPHA=0., ELET=-5. Deg. 
DATA PLOT INDEX 
CO)NDITIONS VARYING 
Angle of Sideslip 
Elevator Deflection 
Angle 
Aileron Deflection 
Angle 
Aileron Deflection 
Angle 
Aileron Deflection 

Angle 
Rudder Deflection 
Angle 
Rudder Deflection 
Angle 
Aileron Deflection 
Angle 
Aileron Deflection 
Angle 
NGDNAL 
MACH 
NMBER-
0.17 
0.17 
0.17 
0.17 
0.17 

0.17 
0.17 
0.17 
0.17 
NOMINAL a 
SCHEDULE (DEGREES) 
-4 - 21 
-4 - 21 
-4 - 21 
-4 - 21 
-4 - 21 

-4 - 21 
0 
0 
0 
NOMINAL 
SCHEDULE (DEGRES ) PAGES 
0 and 3 1-6 
0 7-9 
0 10-15 
0 16-21 
0 22-27 
0 8-33 
-15 - 15 34-39 
-15 - 15 4o-45 
-15 - 15 46-51 
SUMMARY DATA 
(co 
PLOT INDEX 
u) 
PLOTTED 
COEFFICIENTS 
PLOT TITLE 
Figure 10 Aileron Effectiveness C 
in Yaw in Ground Effect, 
ALPHA=O., ELEV=-I0. 
Deg. 
CONDITIONS VARYING 
Aileron Deflection 
Angle 
NM4INAL 
MACH 
NUMBER 
0.17 
NOMINAL a 
SCHEDULE 
(DEGR2) 
0 
NFZNALA 
SCHEDULE 
(DEGREES) 
-15 - 15 
PAGES 
52-57 
Figure 11 Aileron EffectiVeness 
in Yaw in Ground Effect, 
ALPHA=21., ELEVT=-10. 
Deg. 
C Aileron Deflection 
Angle 
0.17 21 
-15 - 15 58-63 
Figure 12 Aileron Effectiveness 
In Yaw in Ground Effect,
ALPHA=21., ELEW=-5. 
C Aileron Deflection 
Angle, 
0.17 21. >--15 - 15 64-69 
Deg. 
Figure 13 Aileron Effectiveness 
in Yaw in Ground Effect, 
ALPHA=21", ELEVO=0.Deg. 
C Aileron Deflection 
Angle 
0.17 21 -15 15 70-75 
H 
Figure 14 Rudder Effectiveness 
in Yaw in Ground Effect, 
ALPHA = 21. Dg. 
C Rudder Deflection 
Angle 
0.17 21 .15 - 15 76-81 
Figure 15 Effect of Short Nose 
Yaw, ALPHA = 0. Dg. 
in C Configuration n0.1y 0 -15 -15 82-87 
Figure 16 Effect of Short Nose in-
Yaw, ALPHA = 21. Deg. 
- C Configuration 0.17 21 
-15- 15 88-93 
Figure 17 Effect of Short Nose in 
Yaw, (Body Alone), ALPHA=O. 
Deg. 
C Configuration 0.17 0 -15 ­ 15 94-99 
Figure 18 Effect of Short Nose in 
Pitch 
B Configuration 0.17 
-4- 26 0 100-102 
SUMARY DATA PLOT 
(CONTINUED) 
--DEX 
PLOT TITLE 
PLOTTE 
COEFFICIMTS 
SCEXDLE CONDflIONS VARYU;,G 
NOMINAL 
MACH 
NJMER 
IicdINAL 
SCHEDULE 
(DEGlREES) 
NOYt fiAL 8 
SCHEDULE 
(nDEsss PAGES 
Figure 19 Yaw Polar-Shorz Nose A Angle of Sideslip, 0.17 -4 - 26 0 and 3 103-108 
Figure 20 Effect of Body Flap 
(Long Nose) 
B Body Flap Deflec-
tion Angle 
0.17 -4­ 26 0 109-ill 
Figure 21 'RudderEffectiveness 
in Pitch 
A Rudder Deflection 
Angle 
0.17 -4­ 26 0 112-117 
Figure 22 Effect of Split Rudders 
in Pitch 
D Rudder Deflection 
Angle 
0.17 -4­ 26 0 118-120 
Figure 23 Effect of Engine Pods 
(El) in Pitch 
D Configuration 0.17 -4 - 26 0 121-123 
Figure 24 Yaw Polars With Engine 
Pods (al) 
A Angle of Sideslip 0.17 -4 - 26 0 and 3 124-129 
Figure 25 Effect of Engine Pods 
(El) in Yaw, ALPFA=21. 
Deg. 
C Configuration 0.17 21 -15 - 15 130-135 H 
Figure 26 Rudder Effectiveness 
in Yaw, ALPHA=0.0 Deg. 
C Rudder Deflection 
Angle 
0.17 0 -15 ­ 15 136-141 
Figure 27 Rudder Effectiveness 
in Yaw, ALPHA=21. Deg. 
C Rudder Deflection 
Angle 
0.17 21 -15 - 15 142-147 
Figure 28 Effect of Split-Rudders. 
in Yaw, ALPHA=O. Deg. 
C Rudder Deflection 
Angle 
0f7 - 0 -i5 - 15' 148l53 
Figure 29 Effect of Split Rudders 
in Yaw, ALPHA=21. Deg. 
C Rudder Deflection 
Angle 
0.17 21 -15 ­ 15 154-159 
Figure 30 Effect of Twin Fins With 
Wide Body in Yaw,ALPHA=21. 
Deg. 
E Configuration 0.17 21 -15 ­ 15 160-162 
SUMMARY DATA PLOT INDEX 
(CONTINUED) 
PLOT TITLE 
PI'..... 
COEFFICIENTSSCHEDULE CONDITIONS VARYING 
NOMINAL 
MACHN 
NINAL aSCHEDULE(DEGREES 
NOMINALSCHDL(DEREE) PAGES 
Figure 31 Effect of Wing Tip 
Fins in Yaw, ALPHA=21. 
Deg. 
E Configuration 0.17 21 
-15 - 15 163-165 
Figure 32 
Figure 33 
Wing Tip Fin Modified, 
ELEVTR=-15. Deog. 
Effect of Aft Ead Modi-
fication 
F 
. 
B 
Configuration 
Configuration 
0.17 
0.17 
-4 
-4 
- 25 
- 25 
0 
0 
166-167 
168-17o 
Figure 34 
Figure 35 
Effect of E2 Bagine Pods 
Yaw Polars With E2 
Engine Pods 
A 
A 
Engine Pods 
Angle of Sideslip 
O.17 
0.17 
-4 
-4 
- 26 
- 26 
0 
0 mnd 3 
171-176 
177-182 
PLOTTED COEFFICIENTS SCHEDULE: 
SCHEDULE A SCHEDULE B SCHEDULE C SCHEDULE 1 SCHEDLE E SCHEDULE F 0O 
CL 
CD 
CIM 
CX 
CI1 
CSL 
vs.' 
vs. 
vs. 
vs. 
vs. 
vs. 
a 
a 
a 
a 
a 
a 
CL 
CL 
CL 
vs. 
vs. 
vs. 
a 
02 
CD 
Cy
OD 
CSL 
CL 
CD 
cm 
vs. i 
vs. 
vs. 
vs. 
VS. 1 
vs. 
CL 
CD 
CLM 
vs. 
vs. 
vs. 
a 
a 
a 
CY 
CIf 
CSL 
vs. 
vs. 
vs. 
6 
CL 
CL 
vs. a 
vs CIM 
FIGURES
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Notes: I 
1. Positive directions of force coefficients
 
moment coefficients, and angles are
 
indicated by arrows.
 
2. For clarity, origins of wind and stability.
 
axes have been displaced from the center
 
of gravity.
 
Cm
 
7 . C 
vc
 
Figue I Axi s t 
Figure 1. AXiB systems, showing direction and sense of force and 
moment coefficients, angle of attack, and sideslip angle
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GIURE 3. " PUOTOGRAPH OF ROS-NB2 TUNNEL INSTALIATION
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FIGURE 7. GENERAL ARRANGEMENT, ROS-WB1
 
10 ft' 20 ft -
- 184 in ,-_ 
Ground Board.­
L.--.Rer_,,__! 
- Vertical Strut RerIeii 
(a) Front View, (b) Side View 
FIGURE 8. ISTALLION OF MODEL WS GROTJND BOARD 
w2 asic: W wing clipped to accomadate V wing tip fins. Ref. drawing 
51858MOD 1802. 3<m 
WI' 
100,0 
: - I 
_______ _______ 609let__ 
FIaUBB9. \W2'- WING (rw.4.. SC.ALE 
.0 
Outboard leading edge buildup on vertical fins consisting of
 
,5/16"dowel and shimstock.
 
DEJA 
.5E0 A 
FIGURE 10. VERTICAL FIN, V3B 
:31
 
B1 	 Flow through models of the four 'ar-breathing engines that swing out 
of the fuselage. There are two on each side. the forward one uder 
the fi of the rear. 
.24-----­
01.Zo4 
Z.12 5.rPIA. 
4 2 PV . f'. 
.,M. 
(4,/ R, SHW) 1Mol 
FICUE 11 ENGNENCELLS, n 
emi FUR NE S 
v 
" 
\lo through models of the 
tn6.13 turbojet engine poasP,
one being on each side of 
the model. 
-.. FS 13G9 
SECT6 BL 2175 - -
.300 
_ _ _ _._.I 
BL 166.8 
13 D IA . 
FIGURE 12. ENGINE NACELLES, E2 
BC
 
FIGURE 13. AFT END MODIFICATIONS 
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MODEL COMPONENT DESCRIPTION SHEETS
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MODEL COMPONENT: BODY - B 
GENERAL DESCRIPTION: BASIC ROS-NIf BOnt 
DRAWING NUMBER: 
. 518 MOD 800 
DIMENSIONS,: FULL-SCALE MODEL SCALE 
(IT.'orYT 2 ) (IT. or FT. 
Length 
-­ 0 8 
-.. 6.4-1 
Max. Width 
_8 -. 
-1-.-12-
Max. Depth 
. 1.15 
Fineness Ratio 5.61 
Area 
' 
Max. Cross-Sectional 
_ 
-. 986 
Planform 6.38 
Wetted 
_o 
.- -20.18 
Base 590 
.941 
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MODEL COMPONENT: BODY ­ 2 
GENERAL DESCRIPTION: BASIC ROS-WB1 Boly 
DRAWING NUMBER: 
DIMENSIONS: FULL-SCALE MODEL SCALE 
(3T. OR FT.2 )  (ft. oj? ft. 2 ) 
Length i6o.8 
Max. Width 44.8 1.79 
Max. Depth 28.8 1.15 
Fineness Ratio -­3.6 3.6 
Area 
Max. Cross-Sectional 956 1.53 
Planform 516o 8.96 
Wetted 21.17 
Base 7 _4 1.19 
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MODEL COMPONENT: BODY - B,
 
GENERAL DESCRIPTION: ROS-!B2 Body Derived Dom'Mating a Short Nose to the BI 
Body at FS 1216 
DRAWING NUMBER: 
 518 MOD 815
 
DIMENSIONS: 
 FULL-SCALE MODEL SCALE 
(ft.-ox; ft. ) (ft. or me ) 
Length 
 g32 5.28
 
Max. Width 
 28 

- .12
 
-Max. Depth 
 28.7, 1.15 
Fineness,Ratio 

-4.6- "4.6
 
Area
 
Max. Cross-Sectional 
 636.
 
.986
 
Planformn
 
Wetted
 
Base 
 : 590 
.944 
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MODEL COMPONENT: WING -1 
GENERAL DESCRIPTION: BASIC ROS-Nr I dflG 
DRAWING NUMBER: 5i8 mop 802
 
DIMENSIONS: FULL-SCALE 
 MODEL SCALE
 
TOTAL DATA (IT.OR -T.2) (FT. OR T.2
 
Area
 
Planform .5747 9.395
 
Wetted 7780 12.5
Span (equivalent) 97-3 3.89
 
Aspect Ratio f±6I165
 
12 
_1.8 
.129
Rate of Taper .87L 
Taper Ratio 

Diehedral Angle; degrees -I
 -7U 
Incidence Angle, degrees 20+-body-3°@ip

Aerodynamic Twist, degrees
 
Toe-In Angle
 
Cant Angle
 
Sweep Back Angles, degrees

Leading Edge 6o 60 
Trailing Edge 
__97-_._ 
0.25 Element Line 
_.
 
_2.9__2._
 
Chords:
 
Root (Wing Sta. 0.0) 104.6 4.18 
Tip, (equivalent) 13.5 
MAC - 59.0 2.3 
Fus. Sta. of .25 MAC 1580 in. 5.27 
W.P. of .25 MAC 30 i0277_n. 10 
B.L. of .25 MAC
 
Airfoil Section
 
Root 18% max.camber 10% thickness
 
Tip .3tmax~cnber ±0% thickness 
EXPOSED DATA 
Area 3217 5.147 
Span, (equivalent) 69-.3 2:77 
Aspect Ratio 1.5 1.5 
Taper Ratio .172 .172 
Chords 
Root 78.25 3.13 
Tip 13 .54 
MAC 46.4 1._ _ 
Fus. Sta. of .25 MAC 
W.P..of .25 :MAC
B.L. of .25 MAC
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MODEL COMPONENT: Elevon 
(for the 1% wing) 
-
GENERAL DESCRIPTION: 
 Moveable Control Surface Associated With the ,Wing 
DRAWING NUMBER: 518 MOD 802 
DIMENSIONS; 
Area 
Span (equivalent) 
FULL-SCAL 
(ft. or ft.L) 
364 
35.5 
MODEL SCALE 
.582 
1.42 
chord-
Outb'd equivalent chord 
12.75 
7.75 
.51 
.31 
Ratio Elevator chord/horizontal 
tail chord 
At Inb'd equiv. chord 
At Outb'd equiv. chord 
Sweep Back Angles,-degrees 
Leading Edge'. 0 00 
Tailing Edge 
Hingeline 
_ 
-8.k° 
-8.40 
Area Moment (Normal to hinge line) ,. 
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MODEL COMPONENT: , £ VERTICAL TAIL - V­1
 
GENERAL DESCRIPTION: BASIC ROS-iB . VERTICAL TAIL
 
DRAWING NUMBER: 518 MOD 803
 
DIMENSIONS: FULL-SCALE MODEL ,SCALE
 
OR FT2 ) (1. 'ORn
Area Area(FT. 8 z2
 
Span (equivalent) 33.3 1.33
 
Inb'd equivalent chord 
-4.6 1.38
 
Outb'd equivalent chord .55
 
Ratio movable surface chord/
 
total surface chord
 
At Inb'dequiv. chord .3 .3
 
At Outb'd equiv. chord 11 .3
 
Sweep Back Angles, degrees
 
450 ° 450°
 Leading Edge 

Tailing Edge 19.70 19.70
 
°
 
Hingeline 28.70 28.7
 
Area Moment,(Normal to hinge line) 945 
 1.51
 
AIRFOIL SECTION F64Aoo
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MODEL COMPONENT: Rudder (for the V1 vertical-tail)
 
GENERAL DESCRIPTION: 
 Moveable Control Surface Asociated With the VI7
 
Vertical Tail
 
DRAWING NUMBER:' 518 MOD 803
 
DIMENSIONS: 

Area 

Span (edtivalent) 

U-qho~rd-
v 
Outb'd equitvalent chord. 

.RUDDER
 
Ratio tiya' chord/horizontal
 
'"tail ch6rd
 
At Inb'd equiv. chord 

At.Outb'd equiv. chord 

Sweep Back Angles,.degrees
 
Leadfng Edge 

Talling Edge 

Hingeline
 
Area Moment (Normal to hinge line) 

FULL-ICAg 

.ft7orft-
240 

33.3 

l04

" ".1
 
"4.02 

.3 

.3 

20
 
1970 

?"
 
MODEL SCALE
 
(f. or ft.2) 
.384
 
"1.33
 
.416 
.16i
 
..
 
.3
 
19.7o
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MODEL COMPONENT:. TWIN BODY TAILS ­ v 
GENERAL DESCRIPTION: BASIZ ROS-WBI VEBTICAL TAIL 
DRAWING NUMBER: 518 MOD 8o04 
DIMENSIONS: 
Area 
Span (equivalent) 
Inb'd equivalent chord 
Outb'd equivalent chord 
Ratio movable surface chord/ 
total surface chord 
At Inb'd equiv. chord 
At Outb'd equiv. chord 
Sweep Back Angles, degrees 
Leading Edge 
Tailing Edge 
Hingeline 
Area Moment (Normal, to hinge line) 
AIRFOIL SECTION 
FULL-SCALE 
(IT. OR 2.) 
67LoI. 
35.5 
3317 
9.08 
400 
8,50-
3ACA 64Aoo 
M SCAE 
(F. OR fl. ) 
1.3 
.36 
400 
8.50 
CAM ANGLE (OUTBOARD) 0 
43 
MODEL COMPONENT: WING TIP FINS - V3
 
GENERAL DESCRIPTION: VERTICAL FINS LOCATED AT THE TIPS OF THE CLIPPED 
BASIC WING (DESIGNATED W2 
DRAWING NUMBER: 518 MOD 8o(
 
DIMENSIONS: 

Area 

Span (equivalent) 

Inb'd equivalent chord 

Outb'd equivalent chord 

Ratio movable surface chordf
 
total surface chord
 
At Inb'd equiv. chord 

At Outb'd equiv. chord 

Sweep Back Angles, degrees
 
Leading Edge 

Tailing Edge 

Hingel ine 

Area Moment (Normal to hinge line) 

CANT ANGIE 
TOE-IN ANGLE 
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FULL-SCALE 
(FT. OR FT.2) 
684 
30.17 

30.25 

15.17 

.274 

.546 

400 

18.440 

18.440 

805 

±50 (OUTBOAED)
 
100 
MODEL SCALE
 
(I.01m. 2 ) 
1.09
 
1.21
 
1.21
 
o.61
 
'.274 
.546
 
400 
18.440
 
18.440
 
1.29
 
NASA-MS FC-MA F 
V 
NOMeCLAtRE 
(General) 
SADSAC
 
SD4BOLSYMBL DEFINITION
 
a ALPHA angle of attack, angle between the projection 
of the wind Xw-axis on the body X, Z-plane and
the body X-axis; degrees
 
BETA sideslip angle, angle between the wind Xk-axis
 
and the projection of this axis on the body 
X-Z-plane; degrees
 
PSI yaw angle, angle of rotation about the body

Z-axis, positive when the positive X-axis is 
rotated toward the positive Y-axis; deErees
 
PHI roll angle, angle of rotation about the body

X-axis, positive when the positive Y-axis is
 
rotated toward the positive Z-axis; degrees
 
P air density; Kg/m 3 , slugs/ft 3
 
a speed of sound; m/sec, ft/sec
 
fipeed of vehicle relative to surrounding 
atmosphere; m/sec, ft/sec 
q Q(PSI dynamic pressure; 1/2PY, psi, psfQ(Psr -•2  

M MACH Mach number; V/a 
RN/L RN/L Reynolds number per unit length; million/ft 
p static pressure; psi 
P total pressure; psi 
CP pressure coefficient; (p-pO)/q 
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NCMCLATURE (Continued)
 
Reference & C. G. Definitions
 
SADSAC
 
SYMBOL 	 SMOL DEFINITION 
2
S wing area; m , ft2
 
2
S 	 SREF reference area; m , ft2
 
wing mean aerodynamic chord or reference
 
chord; m, ft, in (see 
 oref
O  LREF) 
Aref LREF reference length; m, ft, in.; (see a) 
bref EREF wing span or reference span; m, ft, in 
Ab base area; m2, ft2, Iin2 
c. g. 	 center of gravity
 
MRP 	 MRP abbreviation for moment reference point 
XMWP abbreviation for moment reference point 
on X-axis 
YMRP 	 abbreviation forlmoment reference point 
on Y-axis 
ZMRP 	 abbreviation for toment reference point 
on Z-axis 
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N4.CIAURE (Continued) 
Axis.System Gene" 
SYMBOL 
F 
M 
DEFNITION 
forcej F, lbs 
moment; M,-in-lb 
Subscript' 
N 
A 
L 
D 
y 
Z 
X 
a 
w 
ref 
t 
b 
Definition 
normal force 
axial force 
lift force 
drag force 
force or moment about the 
moment about the Z axis 
moment about the X axis 
stability axis system 
wind axis system 
reference conditions 
free stream conditions 
total conditions 
base 
Y axis 
47 
SMBOL 
CL 

CD.
 
CDb 
Df 
Ch 
C 

LI/D 
L/Df 
,SADSAC 
SfMMOL 
'CL 
CD 

CDB 
CDF 
CI1M 
aCY 
CIA 
OSL 
L/D. 
LDF 
NOCCLATURE (Continued)
 
Stability ,AxisSystem
 
DEFINITION 
lift force coefficient; F)qS
 
drag force coefficient; FDqS
 
base drag coefficient 
forebody drag coefficient; . D - CDb 
pitching moment coefficient; My s/ S -re 
-
side force coefficient; Fy/qS . . 
yawing moment coefficient; MZ,s/qS bref 
rolling moment coefficiet; MXB/qS bref 
lift-to-drag ratio; ICD'J" 
lift to forebody drag ratio; CLCfDf 
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SADSAC 
SYdMOL SYMBOL 
it HORIZT 

6 
AILRON 

CANARD 
ELEVON 

ELEVTR 

FLAP 
RUDDER 
SPOILR 

TAB 

6 
AIL-L 

AIL-R 

ELVN-L 

ELVN-R 
SPLR-L 
SPLR-R 
SURFACE 
SUBSCRIPTS 
a 
b 

c 
e 

f 

r 

a 

t' 

NCMOLATURE (Continued) 
Surface Definitions 
DEFINITION 
horizontal tail incidence; positive when
 
trailing edge down; degrees
 
symmetrical surface deflection angle; degrees;
 
positive deflections are:
 
aileron - total aileron deflection; 
canard - trailing edge down 
elevon 
elevator 
-
-
trailing edge down 
trailing edge down 
flap 
rudder 
-
-
trailing edge 
trailing edge 
down 
to -he left 
spoiler - trailing edge down 
tab - trailing edge down with respect 
to control surface 
antisymmetrical surface deflection angle, degrees; 
positive trailing edge down: 
left aileron - trailing edge down 
right aileron 
- trailing edge down 
left elevon - trailing edge down 
right elevon - trailing edge down 
left spoiler - trailing edge down 
right spoiler - trailing edge down 
DEFINITION 
aileron
 
base
 
canard
 
elevator or elevon
 
flap
 
rudder or ruddervator
 
spoiler
 
tail
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- ADDITINS TO STANDARD SADSAC NQENCLATURE 
-FOR 
GRUMMAN GWTT 
8ADSAC 
SYMBOL SYMBOL 
6 EL LELVM 
ER RELEm 
d ELEVR 
6A AILRON 
-
BODFLP 
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TEST 290 
DEFIION 
left wing elevon deflection angle,
positive in trailing edge down; 
degrees 
right wing elevon deflection angle, 
positive in trailing edge down; 
degrees 
elevator deflection angle, (SEL + SER)/2;

degrees 
aileron deflection angle, (SER - SEL);
degrees 
body flap .deflection.-angle--(negative 
is trailing edge up) 
TABULATED DATA LISTING
 
A tabulated data listing, consisting of all sero data sets, both original
 
and those created in arriving at the plotted material to be presented subse­
quently, is available as an addendum to this report. The tabular listing is
 
made up in two sections:
 
(a) 	 a brief.summary list of all data sets containing the identifier,
 
the descriptor, and the resident dependent variables.
 
(b) 	 a full list of all data sets containing all resident or
 
selected aerodynamic coefficients of the data sets as well as
 
the above mentioned information.
 
The listing is currently sent on limited distribution to the following organ­
izations:
 
NASA AMES Mr. V. Stevens 
NASA Mac Mr. Ray Nelson 
GAC Mr. M. Quan 
If copies of this listing are desired, please contact the above or the cog­
nizant SADSAC personnel who, for this data, is:
 
Mr. J. R. Ziler 
Department 2780 
Chrysler Corporation Space Division 
New Orleans, La. 70129 
(5o4) 	 255-23o4 
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PTQTED DATA
 
FIG. I YAW POLAR INGROUND EFFECT
 
0.9 
0.7 
S0.3 
- * 
-J0.4 
" 
DA STYH 
RCWOU7) 
(Wb) 
C-, 
-­ 4 -2 O 4 
DAT ST YMOLONIGRAIONDECRPTONANGLEO 
MI 290OFG RODS-RNPT 
GWTT 2a-l OSNIBFIl.IGS 
TT29o-coNr Ros-Nal 81FIWIVI 5 
MACH 0.170 
6 o 10 2 1 4 16 18 
OF ATTACK, ALPHA, DEGREES 
BETA ELEVTR AILRON RUDDER 
0.1300 0.00 G.00 0.000 
3.000 0.000 0.000 0.000 
20 22 '4 ze 
REFERENCE INFORMATION 
SREF 9.2952 SQ FT 
LREF 6.432D FT 
BREF 3.8920 FT 
XHRP 1485.0040 IN 
YMRP o.0000 IN 
ZHRF 377.0004 IN 
SCALE U.0400 
PAGE 
FIG. I YAW POLAR INGROUND EFFECT
 
.... .... 
C 
- / 
z 
IJ-
Q 
.05 
-4 a 2 4 6 8 10 12 14 16 18 20 2* 24 26 
ANGLE OF ATTACK. ALPHA. DEGREES 
DATA SET SYMBOL CONFIGURATION DESCRIPTION BETA ELEVTR AILRON RUDDER REFERENCE INFORMATION 
(RCWO05) 
(RCWD07) 
Q 
LA 
GWTT 290-C0NF 
GWTT 290-CONF 
ROS-NBI 
ROS-NSI 
BIFWIVIGS 
BIFIWIVIGS 
0.000 
3.000 
0.000 
0.000 
0.000 
0.000 
D000 
0.000 
SREF 
LREF 
9.1952 
6.4320 
SQ FT 
FT 
BREF 3.8920 FT 
XNRp 1485.D40 IN 
YMRF O000 IN 
ZHRP 377.0004 IN 
MACH 0.170 SCALE 0 .400 
PAGE 2 
FIG. I YAW POLAR INGROUND EFFECT
 
.o3
 
I-I 
.04.­
z 
.02

- .01 
L. 
l- .00 7 =z 
o ,o0­
z 
-*50
 
o -. 04 
z-.06 
-. 86 -4 -2 0- 2 4 
 6 $2 i4 16 so 20 22 94 26 
SANGLE OF ATTACK, ALPHA, DEGREES
 
DATA SET SYMBOL CMFIGURATION DESCRIPTIONR CW 05 ) Z GWT T 9 D - CON F R OS- N I B FIW V GB 
(CWOD T7 WTT 9 -CON F R O S-N 1 B F W IV 1 6 8 
BETA 
0 00 0 
3 .O 
ELEVTR 
0 .0 0 0 
. 0 G 
AILRON 
. 0 0 0 
0 . 0 08 
RUDDER 
0 . 008 
. 0 0 0 
RERNCIFOMTN 
SREF C~ 9RE.19 52R 
LR EF .6.43 a D 
STO FT 
F T 
BREF 3.8920 FT 
XMRPYNRP 1485.00400.0000 ININ 
MACH .170 Z.R0SCALE 377.0040.0400 IN 
PAGE AC3
 
FIG. I YAW POLAR iNGROUND EFFECT
 
IA, 
ut 
I-,
 
fz 
'Uh 
I-.2
 
--.J
 
-°3 t o 	 I l , . , 
-6 -4 
 6 a8 to10 	 le 14 16 to 20 Be 24 96 
ANGLE OF ATTACK, ALPHA, DEGREES
 
DATASCT SYMBOL CONFIGURATION DESCRIPTIO 
 BETA ELEVTR AILRON RUDDER REFERENCE INFORMATION
 
(RCWO05) GWTT 2RO-CONF ROS-HBI BIFIWIVIGD 0.000 0.000 U.000 0.000 
 SREF 9.1952 SQ FT
 
• RCW0071 GWTT Z9O-COVF ROS-NSI BiFlWlVIGB 	 3.000 0.000 0.000 0.000 	 LREF 6.4320 FT 
OR2F 3.8920 FT 
.XMRF 1485.004D IN
 
YMRF 0.0000 IN
 
ZMRF 377.0004 IN
 
MACH U.170 	 SCALE 0.0400
 
PAGE 4 
FIG. I YAW POLAR INGROUND EFFECT
 
.04, 
F­
_ 

.0-
X X 
i 
ci 
.02 
zLI 
UJ 
0 
z 
0.0 
-. 04 
-. 05 
-6 4 -2 0 2 4 6 8 20 12 14 16 18 20 2 24 26 
ANGLE OF ATTACK. ALPHA. DEGREES
 
DATA SET SYTHoL CONFI0URATIONJ DEStRIPTICN BEA ELEVTR AILRON RUDDER REFERENCE INFORMATION
0 OWTT 290-CONF ROS-NBI BSFIWIVIGB 0.000 0.000 0.000 0.000 SREF 9.1952 SQ FT
(RCWOOT) GWTT 290-COUF ROS-NBI BIFIWIVIGB 3.000 0.000 0.000 
 0.000 LREF 6.4320 FT 
BREF 3.8920 FT 
XMRF 1485.0040 IN 
YHRF 0.000 IN 
ZMRP 377.0004 INMACH o.IT0 SCALE .O0t00 
PAGE 
FIG. 1YAW POLAR INGROUND EFFECT
°'.as ....... ... ... ... ... ... ... ... ...j .-..r .. ..."'... " '",
 
>C 
,0 
.05 ---­
____--___ 
m 
.04 
QZ 
- .02 
ED 
z 
4-04 
-. 05 
-04 
DATA SET SYMBOL 
I RCWO 0 ) { RCW007) 
MACH 
-2 0 2 4 6 12 14 16 
ANGLE OF ATTACK. ALPHA. DEGREES 
CONFIGURATION DESCRIPTION BETA ELEVTR AILRON 
OWTT 290 O-¢ F ROS-NBI SlBFlW VIGB .0B D 0 a.O O. B 
GWTT Z90-CONF RO$-NBI 81FIWIVIGB 3:0O OO DDoG0:0, 
•XMRP 
0.170 
i 
RUDDER 
O 
OOO 
o 22 4 26 
REFERENCE INFORMATION 
S.REF 9 1 952 Q F 
LREF 6.430 FT 
BREF 3:6920 FT 
14a5, .4 IN 
oNRP .. 0000 1N 
SCALE 0.0400 
PAGE 6 
FIG. 2 ELEVATOR EFFECTIVENESS INGROUND EFFECT
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Ld 0.4 
0.S 
u-­
-0.3 m 
-0.1 I I 1 
-2 0 2 ~ $ 8 to 12 14 16 18 20 2 24 es
ANGLE OF ATTACK. ALPHA. DEGREES 
DATA SETIISY$BoL CONFIOURATXO4 PESCRIPTbON BETA ELEVTR AILRON RUDDER REFERENCE INFORMATION
 
:RCWTO5) Q GWT290CN ROS-NSI SIFIWIVIG$ 0.000 0.000 -0.000 0.000 SREF
cRC04 L 6WT20CONE ROS-NBI BIF1WIVIGS a.ODou -5.000 0.000 9.1952 SQ FT (RCUM~j09 0.000 LREF . .4320 FTIGWTT Z%00<ONF ROS-Nal 81'FIWIVIGB 0.000 -1b0.000 0.000 0.00D(RCW012) Li *WTT 290-CONF ROS-NOSSI EFIV1GB OREF 3.6920 Fl0.00D '.15.000 0.000 0.00 XNRP 1485.0040 INY)4RF 000coIN 
ZNRF 377.0004 INMAC" o.170 
 SCALE C.0400 
PAGE 7 
FIG. 	2 ELEVATOR EFFECTIVENESS INGROUND EFFECT
 
* * , -r-l- ,- rr i-n-r *rrll ri-n -v-w-ri- r i-ri rn*41 -r-- irr-i, ,-r- rt-,-*, rr 
0.7
 
0.? 	
-r 
' u 0.5 -	 2. 
11 0.4 
Lu 
0.2
 
-D
 
.08 	 .0 . 006 0 .04 .03 .Og .01 .00 -. 01 -. 02 	 -. 03 -. 04 -0S -. 06 -.07 -. 08 
PITCHING MOMENT COEFFICIENT. CLM
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SIDE SLIP ANGLE;' BETA. DEGREES
 
DATA SET SYMBOL CONFIGURATION DESCRIPTION 	 ALEHA ELEVTR 
 AILRON RUDDER REFERENCE INFORMATION 
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SIDE SLIP ANGLE, BETA. DEGREES 
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SIDE SLIP ANGLE, BETA. DEGREES
 
DATA SET SYMBOL COFIGURATION DESCRIPTION 
 ALPHA ELEVTR AILRON RUDDER REFERENCE INFORMATION
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SIDE SLIP ANGLE, BETA, DEGREES
 
DATA SET SYMBOL CON4FIGURATION DESCRIPTION ALFHA ELEVTR AILRON RUDDER REFERENCE INFORMATION 
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SIDE SLIP ANGLE. BETA, DEGREES 
DATA SET SYMBOL CONFIGURATION DESCRIPTION ALPHA ELEVTR AILRON 
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SIDE SLIP ANGLE. BETA. DEGREES 
DATA SET SYMBOL 
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SIDE SLIP ANGLE, BETA, DEGREES 
a la 12 14 16 
DATA SET SYMBOL 
(RCW 
0 2 1 
) 
{RCW024) Z. 
- ACH 
CON;FIGURATION DESCRIPTION 
6WTT Z90-CONF ROS-NBI 81FIWIVIGD 
OWTT 290-CONF ROS-N81 BlFl IVlGB 
0 170 
ALFHA 
0 coo 
0 Duo 
ELCVTR 
0 000 
a DOG 
AILRON 
a 000 
-10 DOO 
RUDDER 
0 090 
G 000 
REFERENCE INFORMATION 
SKEF 9 I952 SO FT 
LREF 6 4320 FT 
BREr a sszn FTXARF 1485 004 IN 
YNR- a 0000 IN 
Z-RP 377 00D4 IN 
SCALE U 0407 
PAGE 45 
FIG. 9 AILERON EFFECTIVENESS INYAW INGROUND EFFECTALPHA:O..ELEVfR-5. DEG.
 
F­
z 
L 10 
LI-
U 
w 
LL - 05 k00 

LiJ 
-, 
-
-
- 35
 
-16 -14 -2 -o - 8 -6 - 4 -Z 0 2 4 6 8 10 12 
 14 16
 
SIDE SLIP ANGLE. BETA. DEGREES
 
DATA SET SYMBOL CONFIGURATION DESCRIPTION ALPHA ELEVTR AILRON RUDDER REFERENCE INFORMATION 
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SIDE SLIP ANGLE. BETA. DEGREES 
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SIDE SLIP ANGLE, BETA, DEGREES 
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CRCW027I F, OWTT 290-CONF ROSIJSI B$F1W1VIGS 0 000 :5 000 0 000 0 QU0 S EF 9152 SO FT 
I(RCWOZ221 L GWTT ZOO-CONF ROS-NBI SIF1WIVIDB 0 0O0 -5 000 0 000 	 LREF 6 420 FT 
(CW02,5) GWTT Z90-COlF ROS-NS SIFIWIVIG8 0 00o -5 D00 -20 000 0,000 	 BREF 3 s92U FT 
XMRP 1405 0040 IN 
yMRF a 0000a IN 
SCALE 0 0400MACH 0 1?0 

PAGE 50 
FIG. 9 AILERON EFFECTIVENESS INYAW INGROUND EFFECT.ALPHA=O.,ELEVTR=-5. DEG.
 
05 
04 
U 
* 
z 
02­
w 
tu 
z 
z-
o 
01 
L) 
-- -04 
-. 00 
Iti 
S06 
-16 -14 -12 -to a 6 -4 -2 0 2 4 6 
SIDE SLIP ANGLE. BETA. DEGREES 
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(R CWQZ7) : WTT USU-CONF ROS-N51 BIFIWIV1GB a000 -5 coo a 000 
(CW022)L- GWTT 290-CONF RD$-NBI BIFIW1I5 a U00 -5 Goo 
(RCW025) 0 WTI 2 O-CONF ROS-NBI BlFlWlV"B 0 coo -5 0D0 -20 000 
HAH 1S 
a 
RUDDER 
G 000 
0 000 
0 600 
to 12 14 16 
REFERENCE INFORMATION 
SREF 9 1952 so FT 
LREF 6 4320 FT 
BREF 3 8920 FT 
XMRP 1485 004C IN 
YMRP a0U Go I N 
ZHRF 37T 0004 IN 
CALE 0 040G 
PAGE 51 
FIG. 10 AILERON EFFECTIVENESS INYAW INGROUND EFFECT,ALPHA=U,,ELEVTR=-ID. DEC. 
u is 
Ci 15 
-
ur 
U 
U 
-
- _ _ - - - --
Os------------------------------------------------------
-i ic | - 1 -i _i i 
is 14 1 -to a 4T 
SIDEANGLE SLIPBEADGRE 
MACH a 170 
YNRF 
ZNR PSCALE 
245 000 
37 7 0 004040G 
PAGE 
IN 
IN 
52 
FIG. 10 AILERON EFFECTIVENESS INYAW INGROUND EFFECT,ALPHA=C.,ELEVR=-IO. DEG.
 
In 
CV3 
.
 
-c 
m 
UA,
 
-I 
H Co 
z 
-°ii
 
-04
 
t oto l -14 -$2 -10 6i 4l ai 0l 2i 4 5i 6 i o 4l it 
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SIDE SLIP ANGLE. BETA, DEGREES
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(fRCW023) GWTT 29D-CONF ROS-NOS 01FIWIVIGB 0 Go -10 000 0 000 0 000 SREF 9 $952 SO FT 
(RCD20)I GWTT 290-CONF ROS-NI B1FIWIVGB 0 Do -10 000 -10 000 0 000 LR5F 6 4320 FT 
BREF 3 8920 FT 
XHRP 1485 0040 IN 
YHRP 0 o00 IN 
ZMRP 377 0004 IN 
MACH 0 170 SCALE 0 040C 
PAGE 55
 
40 
15 
FIG. 10 AILERON EFFECTIVENESS INYAW INGROUND EFFECT.ALPIA=O..ELEVTR=-O. DEG.
 
4 i--I--I -l---r 1r-g- -'-I-I -rrr , rr-rl -rrr -i--, ,ri- {irr EI- rtr 11t -- r 
ZS
 
U 1 
00z 
L9­
15 
-t o - 14 - 3 2 ' --8 - 4 2-6 4 6 a t o 1 2 4 s e 
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SIDE SLIP ANGLE. BETA. DEGREES
 
DATA SET SYMBOL CONF1 URATION DESCRIPTIONJ ALPHA ELEVTR AILRON RUDDER RLFERENCE INFORMATION (W023 C) GWTT 290-CONF ROS-NBI eliviosB 0 000 -10 BoB a ODO 0 000 RF 9$5 50 T (RCW 326) Ll WTT 290-CONF ROS-NBI siriwiviGs 0 00D -ID BOO -10 UDD 0 000 LREF 6 A320 FT 
a 0920 FTBREF 

. MEF 1485 00440 IN 
Y"IF 0 0, D IN 
ZMRP 377 0004 IN 
CDCHMAH 170 SCALE a BABB
 
FIG. IIAILERON EFFECTIVENESS INYAW INGROUND EFFECT,ALPHA=21.#ELEVTR=-1O. DEG.
l m w ... . .. ...
 . s . l ~ 
.as . i f . 
to 
S -05
i2515 
!16l - 4 -12 10 a 6 4 R a 2 4 6 8 10 la -4 36 
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A CW 33) 
AC W03) 
Y MOL 
G) 
L 
C OF GURATI OND ECRI TI ON 
GWTT 290-CONF ROS-NB I BIFI 
G TT 90-CON F ROS-N al BIFI 
WV1 B 
WIVIGB 
ALPHA ELEVTR 
-10 oo 
-10 OD u 
AILRON 
0 Duo0 
-10 o 
B DDER 
000 
0 000 
REFERENCE 
SREF 9 
LR F 6 
I N(FR ATION 
1952 Q F 
4320 FT 
OREF 3 6920 FT 
1 XRp
YtRP 
1485 , 040 
0 0000 
7IN 
IN 
ACH 0 70 
CA 
L E  
U 400 
PAGE 58 
FIG. 11 AILERON EFFECTIVENESS INYAW INGROUND EFFECTALPHA:2I.,ELEVTR=-O. DEG.

*:: rrr -, -l l~ wi-nr -r'-, -r-i- -1w- -,r -,,- -ri-i -,rr wrii- -r-r -r-r -r 
04 
U.) 
u 
-J 
m 
zI 
z 
u 
-
-< 7 
z 
L-
-
04 
0 
-if -14 -12 -10 a 6 - 4 -2 0 2 A 6 
SIDE SLIP ANGLE, BETA, DEGREES 
DATA SET SYMBOL CCNFIGURATION DESCRIPTION ALPHA CLEVTR AILROM 
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SIDE SLIP ANGLE, BETA- DEGREES
 
DATA SET SYWBOL CCNFIGURATICN DESCRIPTION 	 ALPHA ELEVTR AiLROM RUDDER REFERENCE INFORMATION 
0 00° SREF 9 1952 SQ FT 
(ACWOZO) 4 GWTT 290-CONF NOS-NB1 B1FIWlVIGS -10 DOD -10a 000oo 	 LREF 6 4320 FT
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SIDE SLIP ANGLE, BETA. DEGREES 
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SIDE SLIP ANGLE. BETA. DEGREES 
DATA SET SYMBOL CONFIQURATION DESCR1PT10N ALPHA ELEVTR AILRON 
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SIDE SLIP ANGLE. BETA, DEGREES 
DATA SET SYMBOL CONFIGURATIONDESCRIPTION ALPHA ELEVTR AILRON 
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SIDE SLIP ANGLE. BETA. DEGREES 
DATA SET SYHBOL 
(ACW029I Q 
CACW0343 L 
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CONFIGURATION DESCRIPTION 
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SIDE SLIP ANGLE. BETA. DEGREES
 
DATA SET SYMBOL CONFIOURATION DESCRIPTION ALPHA ELEVTR AILRON RLODER REFERENCE INFORMATION 
ACWO29)
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SIDE SLIP ANGLE, BETA, DEGREES
 
DATA SET SYMBOL CONFIGURATION ULSCRIpTIO ALPHA ELEVTR AILRON RIPPER REFERENCE INFORMATION (ACW029) OMIWT 290-CONP ROS-NBI SIFlWAVI*B 
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SIDE SLIP ANGLE, BETA. DEGREES 
DATA SET SYMVO CONFIGURATION DESCRIPTION ALPHA ELEVTR AILRON RUDDER 
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SIDE SLIP ANGLE. BETA. DEGREES
 
DATA SET SYMBOL CONFIGURATION DESCRIPTION ALPHA ELEVTR AILRON RUDDER REFERENCE INFORMATION 
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SIDE SLIP ANGLE, BETA. DEGREES
 
DATA SET SYMBOL C F1GURATIcH DESCRI-TION ALPHA ELEVTR AILRON RUDDER REFERENCE INFORMATION
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SIDE SLIP ANGLE. BETA. DEGREES 
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SIDE SLIP ANGLE, BETA. DEGREES 
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SIDE SLIP ANGLE. BETA, DEGREES 
DATA SET SYMBOL CeJFIGURATION CSCRIPTO ALPHA ELEVTR AILRON 
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SIDE SLIP ANGLE. BETA. DEGREES
 
OATA SET SYMBOL CONFIGURATIVN DESCRIPTION 	 ALPHA ELEVTR AILRON RUDDER REFERENCE INFORMATION
 
fACW035) (D GWTT 290-CONF ROS-NBl OIFIWIVIGB 0 050 0 DO0 0 000 	 SREF 9 1952 5Q FT 
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SIDE SLIP ANGLE, BETA. DEGREES 
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SIDE SLIP ANGLE. BETA, DEGREES
 
RUDDER REFERENCE INFORMATION
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SIDE SLIP ANGLE. BETA. DEGREES
 
DATA SET SYMBOL CCNFIGURA'Xn DESCRIPTION ALPHA fLEVTR AILON RUBBER REFERENCE INFORMATION
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SIDE SLIP ANGLE. BETA, DEGREES
 
DA TA S57 SYMI)O CONFIGURATIONDESCRIPTION ALPHA eLEVTR AILRON RUDDER REFFRENCE INFORMATION
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SIDE SLIP ANGLE, BETA. DEGREES
 
DATA SET SYMBOL CONFIGURATION DESCRIPTION ALPHA ELEVTR AILRON RUDDER REFERENCE INFORMATION 
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SIDE SLIP ANGLE. BETA. DEGREES
 
DATA SET SYMBOL CONFIGURATION DESCRIFTION ALPHA ELEVTR AILRON RUDDER REFERENCE INFORMATION 
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FIG. 35 YAW POLARS WITH-E2 ENGINE PODS
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